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- Water in, on, and above the Earth

& Liquid fresh water Howard Periman, USGS
. Jack Cook, Adam Nieman
. Freshwater lakes and rivers Data: Igor Shiklomanov, 1993

http://water.usgs.gov/edu/earthwherewater.html



Where is Earth’s Water?

Surface/other Atmosphere Living things
Freshwater 2.5% freshwater 1-270 3.0% N\ 0.26%
*__Rivers

L 0.49%

.H"m Swamps,
. marshes
. 2.6%

Soil
moisture
Ground 3.8%
: ice and
Glaciers permafrost

and
ice caps 69.0%

68.7%

Freshwater Surface water and

Total global
other freshwater

water

Source: lgor Shiklomanov's chapter "World fresh water resources” in Peter H. Gleick (editor),

1993, Water in Crisis: A Guide to the World's Fresh Water Resources.
MOTE: Numbers are rounded, so percent summations may not add to 100.

http://water.usgs.gov/edu/earthwherewater.html




Red River at Hwy. 259 Pecan Point 6/1/15 http://txktoday.com/news/monday-red-river-flood-update/



F—Q R Boat Ramp,.Lake Meredith: http://www.expressnews.com/150years/



GW-SW Iinteractions:

* Interactions

* Recharge

» Discharge

* Hyporheic Zone

« Examples
* Recharge in the Hill Country
* Tree-water interactions
« Hydrogeochemistry and baseflows

 Why GW-SW interactions are so important



Groundwater — Surface-water Interactions:
What do you think of?




Groundwater — Surface-water Interactions:
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% http://vywrﬁeadows'center.txstate.edu/Epré[eSpr‘ingLake.htmI
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Groundwater — Surface-water Interactions:

What do you think of?
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GW-SW Iinteractions:

 Recharge
* Infiltration/percolation
» Sinkholes
 ASR

« Discharge
e Springs
» Baseflow to streams
* Pumping/extraction

* Hyporheic exchange

Hill Country Example:
Tree-Water Interactions

Baseflow and Recharge
Relationships

Water and Nutrients



 Recharge



GW-SW Iinteractions:

 Recharge
» Infiltration/percolation ~ Macropores!

- R

Transpiration

Evaporation

Runoff

Infiltration

Percolation

Up from Water Table

http://lwww.agronomy.Isu.edu/courses/agro2051/chap06.htm




GW-SW Iinteractions:

 Recharge

* Sinkholes

Megapores!

SW almost instantaneously
enters the GW system.




GW-SW Iinteractions:

 Recharge

e ASR What is ASR?

« Over 90,000 ac-ft of water stored
underground

An example from
San Antonio, TX

Atascosa

August 29, 2012

ASR: A Tool in Drought Management P




« Recharge
o Infiltr




« Discharge
* Sprin egafauna’

- Andy Heatwole



GW-SW Iinteractions:

« Discharge
Baseflow is why streams

continue to flow, even when it

« Baseflow to streams S
hasn’t rained recently.

= USGS

USGS 08170500 San Marcos Rv at San Marcos, TX
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GW-SW Iinteractions:

The GW-SW interaction that
many people don't see.

» Discharge

* Pumping/extraction

Haskell Co Index Well

27S 31W 36BDC

Elevation of Water Level (ft)




GW-SW Iinteractions:

The Hyporheic Zone: an
Interface zone of dynamic
boundaries and reactions.

Stream

—

/" Direction of
/ ground-water

http://www.bgs.ac.uk/research/groundwater/catchment/

« Hyporheic exchange  nyporneic zonefhome.himi



* Hyporheic exchange:
« Important for water quality and biotic health.
« A steep geochemical gradient where rapid
and important biogeochemical reactions occur.
« Important for attenuating flooding and
storm-waters (bank storage).

Precipitation |
BANK STORAGE

Flow direction

r—?‘—**—ﬂr*—? {

Watertal‘lp at !n y
; '1".--.- high n.t:uqe L r 'Fﬂ : ]
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Water tabIE _‘_ Bank storage

during base flow

USGS | groundwater discharge

groundwater recharge
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Cave Without A Name
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Mixed Effect Model (n=79)

Three variables are important
In this type of model: Model Selection

Model nPar AIC AICC Akaike wt
Prob.=1 2 102.62 102.78 0.00

Prob.=Pg 68.49 68.81 0.00

* P, = Sum of precipitation
_ Prob.=Ps+P, 70.47 71.01 0.00
during each event Prob.=P+0 59.38 59.92 0.15

Prob.=P¢+PET, 61.83 62.37 0.04
Prob.=P¢+P+0 61.29 62.11 0.05

0 = Volumetric soil Prob.=Po+P +PET, 62.57 6340 0.3
moisture [%] pI‘iOI‘ to Prob.=P¢+0+PET, 56.92 57.74 0.45
precipitation event Prob =PstPr0PET: T 0

o u 0 Lt b b B~ W

Variables in Selected Model
Coefficient Estimate Standard Error zvalue Pr(>|z])

PET12_14 3 Sum Of Intercept -7.17 2.59 -2.76 0.006
Potential Evaporation 0.20 005 368 <0005
0.17 0.07 2.40 0.016

during the 12 to 14 weeks 001 0.00 183 0067
prior to a rain event

Classification Table (Generating Data Set)
Predicted
Observed No Response Response |% Correct

Other variables were S0 Responss = - Soree
tested, but rejected Response 8 17 | eso%

Overall % Correct 88.6%

Classification Table (Non-Generating Data Set)
Predicted
Observed No Response Response |% Correct
No Response 51 6 89.5%
Response 5 18 78.3%
Overall % Correct 86.3%




18

Multiple Linear Regression models
are reasonably good at predicting
the magnitude of a response

Most important predictor variables:
P, and PET,
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Stem water: stable FHRRE
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GW-SW interactions in a VA cave system
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Conceptual model

. Build a network of instrumentation with the

primary goal being leng-term data

- Encourage added-value collaborations and
smaller/shorter studies

- Leverage network for additienal funds and
research

- Develop a network of instruments and data: the
research and collaborations will follow

- Create an open and well-documented database
where data are available for all to access






November 2015 Specific Conductance
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Blowing Grad Master

—Main Stream —Razor
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Summary:

. GW-SW interactions involve the movements of water and
transported materials (solutes, sediments, etc) into and out of
the two systems.

. Scales of interactions range from cm to km, and seconds to
millennia.

. Both GW and SW are integral components of the water cycle.

. GW-SW interactions often occur in unexpected places and
ways, and have unexpected consequences.



Why should'we care?

. GW-SW interactions influence the landscape, the water cycle,
nutrient cycles, and aguatic ecosystems.

. In Texas, water availability and quality Is a huge issue, and

will only continue to become more and more so.

. Groundwater and surface-water regulation/management
strategies do not recognize the full extent of these
Interactions, which will cause more and more problems.

. GW-SW Interactions affect more than just water budgets.



Funding: Cave Conservancy Foundation, TX Advanced Research Program, USGS-
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Mike Burrell: Manager of Cave Without A Name
Tom Summers: Owner of Cave Without a Name







Preliminary Data

July 2015 Head November 2015 Head

—Blonde —Orange —Blonde —Orange
Blowing Grad Master Blowing Grad Master
—Main Stream —Razor —Main Stream —Razor
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